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.*. Tli,e' 'staTjil'i.fe'y - of: a^ti ''Bt^Tpl^n^^^ easily' determined 

wind-- t-annel /t-eVts .e-sp l3y' 'slmp'le---tfes-t witli mod- 

els mounted V7ind-vane fashion. However, each stability 
curve plotted "by this method- Is^'val id for a certain 

setting of the corresponding control surface, i.e. it 
character i'z-B^s ^th•e■ .^itkbility- of" the -"a with t.h'e con- 

trol stick locked in a given position. We may then in- 
quire as to what 'the s'ta-biil'ty - c when the 
controls are released, or (the control stick heing locked) 
when the par t iculai*.' co-ivtr o•l■^^r•Vd's■ ^ in this report 
leave a certain degree of freedom to the control s\irface. 
In this particular case w^e'- ■s-hall.: s'tudjr' thV- effect of the 
system on the maneuverability and at the same time seek to 
determine the relation "between; the .displacements of the 
controls and the deflections of the control surfaces in- 
suring better maneuverabil i:t jr • • 

The.. problems . thus ; def ined-i/ are.: studi:ed. below* from the 
point- of r yiewp of ; Ipngi^ stability. : 

Dir.ect ional , s tabil.ity is not., included In this -study, as it 
is analogous to longitudinal stability, while the complete 
study of the effect of rudder deflections on the airplane 
would exceed the limits ,6f tiie pr.e.sentv invest igat ion . 

I. STABILITY. AITD-.mNEUVERASILITY- ABOUT .THE. -LATERAL AXIS Y 

.a) Stability of an Airplane. ^Having a. Stabilizer and 
an Elevator, when the Control -of the 
Latter is Released 

The friction of the control is first assumed to be 
negligible, its weight and that of the elevator being zero 



* "Etude de quelques Proble^Qes concernant la stabilite'' et 
la maniabilite' des avions." Revue de la Societe' Gelae'rale 
Aeronaut ique , January, 1932, pp. 12-19. 
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(static equilibrium and. no inertia.). ..Under these condi- 
tions the elevator alvrays assumes the angle of zero hinge 
moment. The stability can then be investigated in the 
vrini tunnel, after demonstrating the'f ollovring proposit ion: 

"When the elevator is free. .to\"tti.ove. about its hinge, 
everything takes place as if the area S of the horizon- 
tal empennage had become S:^" , : which, has a constant value 
regardless of speed and incidence." 

According to Toussaint ("L'Aviation Actuell.e" ) the 
-unit hinge moment is given; by the expression 

Cm^ = ^ie 

wh.ere i^ is the incidence of the stabilizer (fig. l), 
P the ©levator getting, and. 
n and p • constant quantities. 
Hence, in the case- considered, 

nig + pp = 0 

P = - t^^e . ' " ^ (10 

The inci'dence of the • direct ion of zero lift is 
ig 4- mp , m being a coefficient nearly constant within 
the ordinary range of the angles p. The lift of " the hori- 
zontal empennage istherefore 

n .2 A (ig + mp) _ 
16 16 

On replacing p by its value (l), we have 

On the other hand, for an indef ormatl e empennage with an 
area S ' , we have 

p = s'V^ (4) 

16 
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On eq:;\jili/z-ing'.. 3 and 4-,::'w..e'- obtain: 



S i 



or 



.rnn 



s ••■ • . 



mn 



and, on replacing m and n by the ir values •-•( st ill ' ab- * 
cording to Toussaint), we get 



Jl XT j 0«25 A- rr:. 



0.25 A.r .0.4 +-0.4 .(j/ i 



(5) 



A is defined by d(lOO Cb 
is sir.a'ilef than" S. 'H 
lot 'reduces tlie 



It 
1 ~ 



) = A <iig» Equation. 5 shows that 
ehce, 'at any * incidence, the pi- 
stability by releasing the control, S'/s 

being" independent' of the "-incidence . t ' 
that sVs is alT^ays siiialler than 
area S-'' Is 'therefore s;-ialier 
biliser. .-T-he 'curve 

the c/g* 'liiayj -then be- plotted as* .a functio,n of the airplane 
incidence,, 'by beginning wi'th "bn'e ' Cxdc:" • • • 
•t'O'. the '■two- • cas es in -che 'o'f 

:w.l"th tue* ■stabl'l izer and i-n the' othbr of rhich the airplane 

"both curves being 



is li"£eT7ise seen 
a. The theg.retical 
than the ' ar ea of ' the 'sta- 
_ = ;f ( i) of tlie 'uni't "'mo'nient 'abo.ut 
•g* -niayj -then be- plotted as* a funct'io,n of 

ig '■ curve '•cbrr'esponding 
Trhich the "■el'eyat or is' in' line 



is 



deprived of its horizontal •enipenriage , 
obtained by vfind-vane tests. 

' . •■ * ■•.-Th.e :unit •momeht of ah a'lrplahe,' haLVing. a hori'z o;htai ' . 
•empennage- with 'an' area S'^'y ' is deduced' from the.' monlent s' 
obtain'dd -fdr the areas • S- "and '0' . bj^'* a' sirriple int erp'ola-" * 



•i 'Cmg^ 



X.5) 



This... expression, is .ju.6t if ied. as follows., The tail sur- 
face S develops a unit moment ACmgg about the e.g. 

while the • ta;L.l s.uyf.aee . S ' pr.oduces a unit, moment* 



=(7) 
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By elirainating Cmgg from equation's 7 and 8V we Cbtain- 

Cmgg, - -|i Cmgg =.;CmgQ f 1 - from which 

5 \ S / 

eqixation 6 is derived. This method-v develojped hy Fr» 
Riviere of the Kanriot "branch of the "Socie'te'' Gene'rale 
Aerona-at ique" has the following consequences. The desired 
curve CB2g = f (i) is known and may belong, to one of the 
three following types; 

Gases I an d 11 .- When the control stick is released, 
the airplane always establ.ishes -.equil ihr ium at the inci- 
dence i^ (stable equil ihriuni) even when the curve (ca.se 
II) has negative slopes. 

•* . Cas e III ,-- If the st ick is released at an incidence 
i^^ig, the angle of equilibrium Is ' iiL-'. If :'i>i2", the 
angle of equilibrium i-s i^. This case may be dangerous. 

It is interesting to note that/ the airplane ^ay be- 
come unstable ( II ) and still return ai^t omat ically • to an ■ in- 
cidence of normal flight regardles's of the incidence at' • 
which the control's are released. Safety in flight i$- -al- 
ways assu-red in cases I and 11, and also in case III., pro- 
vided ig is smaller than the incidence of zero lift corre- 
sponding to a vertical dive. 

If the elevator control is not statically balanced, 
the elevator is depressed by its own weight, thus . tending 
to bring the airplane into a dive.' -The Incidence of equi- 
librium Iq' is thus shifted to^rard the left (reduced) at 
a rate inversely proportional to the speed, since the aero- 
dynamic forces, which vary as. the square of the speed, in- 
crease greatly as compared with the weight of the elevator. 
Since, on the other hand, the gliding speed increases when 
io decreases,, the .,inc idence . of equilibrium is never ex- 
cessively reduced, even when the controls are not balanced. 

The only dangerous modification of the above flight 
conditions is caused by heavy control wheels (often used 
on seaplanes) i which introduce. a diving stress directly pro- 
portional to the diving angle of the ' airplane . Such wheels 
are designed to withstand the maximum stress applied by the 
pilot. They have, practically the same weight on all air- 
plane types, and their action, prejudicial to longitudinal 
stability with released controls, is inversely proportional 
to the size and speed of the airplane-. 
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Lastly, if the control -prod-jces ..frict ion and if the 
inertia of the elevator is appreciaole, the latter does 
not readily;, respond:., to the act ion of the , aerodynamic forces. 
The tail^surf ace - areaV'must S" , " itit ermedia t e 

hdtweeh' S J , as calculated abdVe, ^nd S , thus iir.pr ov ixa:%* 
the- Stability . *:"' -...J .... ' • . 

• h) -. Stability of an^ 4;iTpiahe.J^w^ Stabilizer 

This is a special case of the above probieia, Tlie 
hinge axis" of /the horizontal eiapennage, consisting of an 
elevator only is., necessarily located in the focus (at 25 
per ceht oif- the 'mean -chAr^^ .fdr.Fard of the focus*. Two 

cases Mntts't- be. considers 

'1 . The. ..'tail '.surf ace is. ■movabl.e about an axis located 
at 25 per cent of the . chord.. * .The. .hinge. ..inoiaen.t is zero and 
the ^-r eieased control surface does not change its setting. 
The co'nt:rdr -s^tlck may be-.;held or ^released without" caabging' 
the degree of s tabil i vy... . 

' ■ ' 2. '-The -.axis, of . the .elevator ,h located forward 

of the focus. Inasmuch :as the elevator t'hen'assximes the 
incidence':of zero moment, its lift is always zero (or con- 
stant, if the section .:is dissymmetrical) , and its eff i- ' 
cieiicy is also., zero'. . This case is "the same as tliat in 
which - the h6riz.ontal empennage., is ent irely removed. In 
general'the result-.is- a very marked instability. The ef*- 
fect- of friction, of; the. -we.ight of the control isiirface and 
of its inertia is the, same . as., in the, abovertreated general 
.case. 

.-.c) Case .of- Special Control Rods 

Speclal.:COntroi: sys.tems hav.e been evolved for making 
the "stick-elevator" connection, conform to a given law. 
This* applies .to the sy.st em. known as the "variable-sensi- 
tivity^' -controls , in -.whic.h the. relation between the angu- 
lar-deflections of . the . cont.rol'\st ick .and of the elevator 
varies either as the settling,- a.& tha speed, or as both fac- 
tors simultaneously. Such systems affect the maneuverabil- 
ity, as well as the stability of airplanes. We will first 
describe this type of control, and then consider its effect 
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on the ch'a:racteristics.' of an airplane. 

^ • Control with sensitivity var ia]:^! e _accQj j^j^^^ 
t_in£_of _the_c^^ A ..control has variable 

sensitivity when, for a shift Aa of the stick.,- the; ale- , 
vator setting changes "by , the ratio Ap/Aa varying 
with a« In other words, if the diagram of the p values 
is plott^-d 'e/ga'lnist' the values, .of a., ...th.e r.e.s.uLting curve 
is not a straight line. If the curte is similar to 

that of Figure 3, where Ap/Aa increases with a, the 
following advantages are realized. 

Slight dispracemen-t s of the;StiG> to. either side of 
the neiitral posit ion • ca^^se sma^l el evat or def lect ions . This 
prevents slight motions of the pilot »s hand, vol\xntary or 
not, from causing irreg\\lar undulations of the airplane., 
especially if it is of a very fast and maneuy erahl e type. 
At large values of a an angle ■ Aa- corresponds to a very 
large Ap • ?he ef fort . required of the pilot . is thus . con- . 
sid-erahly increased, thus preventing abrupt maneuvers, at ' 
least at high speeds, since the mai^imum deflection of the" 
control surface can not be attained. 

On the other .hand,- at low speeds., ..the pilot ^ can,, ut il- 
ise" the full stroke of the control stick and . give . the' ele^ 
vator its maximum deflect ion. -. Such a law of variation, of 
the elevator deflections can be applied .by. various .meplaanr 
ical devices. The three-rod system affords a simple' s.olu- 
tion of the problem. The control stick • DCBB.' is pin-'.', 
jointed at B' and S> to the rods- AB and A^B", . hingdd 
at A and A', -which are integral with- the airplane. The 
elevator control is connected at C. 

sett in£:_and_s^ee^ A device of this type, \?hich we consider 
of particular interest, is made as follows. An elastic unit 
is inserted between the control stick and the elevator. The 
Young's modulus of this, sy.stem increases .gradually with the 
stress or, in other -words , '.a slven S:tress variation causes 
a deformation of the system inversely proportional to the 
stress F, this condition. being prpduced by a. piston com- 
pressing air into . a .cylinder... : Pq".. being the. .'ini.tlal air 
.pressure and u)- the p.iston sec.tdon-:,. the- s tr e.s.s- .-e-xer t ed to 
•the- right of .the piston .Is- (fig.: -5.)/ . ' i " *V : ' 
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whence F = ^3 ^ 

.the variation, of P "being shown :in Tig-are 5, 

The .Effect of Such a System on the ManeiAverahil i tj-r 



In the first place this system eraoodies the above- 
mentioned advantages of variable sensitivity. The ciirve 
qP . is similar ;to • that of Pigure.3. .Wh.en-the control stick 
.is shifted, from its neiitral posit ion,, the pressure of the 
air on the- piston is .verj- slight, and the elevator deflec- 
tion i.s yery small. On the. other hand, -..Trhe-j, the stick is- 
near the. end of its stroke, a great .str'asts .is "exer.ted on 
the elevator, the piston nears the- bottom of i-ts" strode, 
the deformation of the elast.ic syst.em, under like stresses, 
is considerably reduced, and conditions are practically the 
same as if the control uere" rigid, especially at' great . 
speeds. With the control stick iu a given position, iirnich, 
withou.t deformation of the. elast ic. system, would correspond 
to an elevator angle p^, the real -.deflection is p. As 
stated alDove, the aerodynamic, hinge nomen.t;is 

ni^ + 

. This, hinge moment is* balanced, by a force ■ F- exerted 
by the stick 

. * • ' * . a P ^ M'^- * 




On the other hand a == a.(p - p-^) 
Whence^ • T ; / ^ • J - ^ Po^ ^-^ '- 



d'^'-r- 4a* 



He can' ^ifrri te 



Mic •= 4 a^poio d (p— Pq) ,- nie +:P^ i,^2 . 
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This relation enables us- tOvcalculate p. It appears in 
particular that ' 

for V = 0. P = -Po' 

and for . nig + = 0 P = - — 

P 

The same, conclusions would have "been reached, if the 
calciilation had "been "based on a different elastic system,- 
if still fulfilling the condition stated ahove.. For a cur- 
rent value of Y, p lies "between and -nig/p and 
approaches the latter value as the speed increases. When 
P = Pq, the control is rigid, .p = - ni^/p. indicates 
that, the elevator is free t o. turn about it s hinge with con- 
trol stick released.' This leads' to the following • conclu- 
sions • . . 

• The elasticity of the control is small at .lo^ speed. 
The different positions of the control stic?c .correspond to 
different elevator angles and hence to different incidences 
of equilibrium for the' airplane \7hich can fly 'in the zone 
^1 ^2* (Fig.- 8..) v7hen the speed increa.ses, the zone 
i 3^ ig decreases ( i - i ) , the points i^^ and i^ 
approaching Iq. Finally, when the speed has b.ecome. suf- ■ 
ficiently large, the points i^^ and' ig coincide with 
Iq, the incidence corresponding to the angle p = -nig/p. 

This result enables us to affirm that such a control 
system reduces the stresses on the airplane structure, as 
shown "by the following examples; 

1. While flying at • great speed, the pilot pulls the 
stick, in order to level off. The elevator deflection, 
limited as we have seen, guards, the airplane against un- 
due incidences and hence excessive lift, the aer odynamic 
stresses on the wing "being thus limited., 

2. The pilot pushes the control stick. The airplane * 
assumes an incidence i^ and begins a dive. The speed in- 
creases rapidly and the elasticity of the control begins to 
work. The elevator is depressed, i^ shifts to the right," 
the airplane levels off, dnd the slope of the flight path 
is reduced, corresponding;- evident ly to a lowor airplane 
speed. At the " maximum" speed V^,' the slope of the flight 
path will correspond to "an incidence which corre'- 
sponds itself to the speed Vv*. 
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In Figure 9, curve 1 "represents the speed variation 
in gliding flight plotted against the incidence,- This 
speed is- given "by the expression 

■ 2 T^- * 

Curve 2 is the variation of the minimum incidence 
allowed hy the el^s t ic - control (with stick pushed clear 
forward) plotted against the speed.' The int er s ec t ion of 
these two curves marks the speed limit not to he exceeded 
by the airp.la.ne. ..Vj, is ..smaller, than 7^,. the. v.er-tical 

diving speed. By thus limiting . the speed, the stresses 

in leveling, off will naturally he reduced, since they are ■ 

proportional to the square of this speed. . ' ' 

Stahility of an Airplaine .with Elastic Controls 

Oh "the ground of the results obtained in ^'the- first 
part of this study, our* stability investigation may be ex- 
tended to airplanes provided with an elastic unit inserted 
between the control stick and the elevator. The elevator- 
is subjected to the action of two moments, one aerodynamic 
and the other antagonistic, produced by the elast'.ic^ unit • 
(the stick being held). 

The first moment t ends" "*t o ' s e t the elevator at its an- 
gle^ of zero hinge moment, the other to coordinate its set-, 
ting with the position of. the stick, . which would be the 
cas'e if the control were rigid. The actual, case is inter- 
mediate, between that in which the stick. is free and that in 
which it is held, the latter case being more closely ap- 
proached as the speed decreases. This is confirmed by the 
following easy calculation. 

Hinfe^e moment "due to aer odynamic 1 l oads . - 

Cm^ + P P 
.«'c = -fg- r»*SV2= ~— 16 ^''SV^ . (9) 

I elevator- chord ijl ■ ' ' 

• Hinfe- e mome nt ■ duei '^ t o ' ei'ast ic sy s tgm . 'W e ' . w i 1 1 c o n s i d er. 
the Simplest'- case,' *tKa-t of an ;*.e],a*st ic system, reduced to .a 
spring and • a -cont'rol'''&t'ic"ls: "in th neutral posit ion. This 
permits a qualitative study of the general problem without 
extensive calculat ions . 
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., ., .. ., . MV = K p. 

The resulting hinge moment/is 

^0 = 0 , . P = - pFsviT-te-K (11) 

3y application of the same argument as for the. case of the 
• r el ease'd. .stick, we obtain 

. mn - 

p = ^-;'l - + 16F. ISVS- = S'V® (12) 

16 V . •P , X 1 sv^./ ■ 16 . 



TThence 



S ' _ ^ miL 



I S , 16 K 



(13) 



The value of the theoretical stahilizer area afford- 
ing the same degree of. stability is thus obtained. Oh- 
yiously (13),. for V = 0,* 



= 1 



and for V 



S\ = 1 _ mn 



Hence the stahility of airplanes with elastic con- 
trols can he determined by * calcu Lat ing , for ea.ch speed, 
the area S' .and plotting the corresponding stability 
curve against this area* 



II. STABILITY AlTD MAiTEUVERABILITY ABOUT 
TEE LOKGITULINAL AXIS'X 



Static lateral stability does not exist. In the ab- 
sence of all lateral and rotational velocity about the X 
axis, the san^e lift f is exerted on both vrings , the re- 
sultant always passing through the e.g. (Fig. 10.) If 
an angular velocity is imparted to. the airplane, the inci-- 
dence of. the falling wing (2). increases by = (^^ig-H) 
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and that of the rising wing '(i) decreases - by" i. 

The resultant I no longer passes ' through the e.g. 
(Pig, 12.) It develops a stabilizing moment, if the inci-- 
dence corresponds to the rising portion of the' curve {C^,i) 
and a. moment ampl if y ing • the motion, if maximum* is ex- 

ceeded (fig. 13) (aut orotatioh) . A lateral wind due to 
sideslipping has a similar effect. The leveling-off man- 
euver can "be accelerated by the pilot and the autorotation 
damped- at least partially, by operating the ailerons. Ac- 
cording to the incidence • of -the airplane, the magnitude of 
0), the deflection and efficiency of the ailerons, one may 
obtain * • • . - * 

or C2^"/> C^^" (stability) ' / 

or C < Qz^"' (autorotation). 
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Autorotation is always reduced by warping the wing. 

Devices producing additional lift, such as leading- 
edge .flaps connected .with- the ailerons, greatly improve 
lateral stability on account of the large intervals be- 
tween the superposed curves of each wing and of the 
very large value of the critical angle. 

In stating above .that warping reduces autorotation, 
it was assumed that the deflection of an aileron introduces 
for each incidence a discrepancy variable with the in- 

cidence but of constant sign or, in other words i that in- 
creasing the incidence does not change the sign of the roll- 
ing moment (inversion of the aileron control) . 

This assumption is in contradiction of a commonly ac- 
cepted opinion. It seems to-be confirmed however, by the 
N.A.C.A. Reports on the experimental investigation of aile- 
rons (Reference l). . In thesd ■ dp.cument s the values of the 
roll ing .moment are measured for two different wings, pro-- 
vided with ailerons covering respectively 1/3, 1/2 and 2/3 
of the semispan, the aileron chords vairying from 15 to 35 
per cent of the wing chord. The tests were made .at angles 
varying from -44 to +44^ and, in certain cases, with wing 
incidences reaching 48^. The sign of. the rolling moment 
does not change in any case- 

The diagram of the rolling mom^dnt plotted against the 
incidence for an aileron deflection of 20° is shown, for ex- 
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ampler in Fignre 14 This result was ootained vjith a 
Clark Y wing section. Similar re.sult:s were obtained with 
the.U^S.A, '27 and the H. A.'C .A..'-M .6 wing sections.; All 
these sections are quite similar., and the. ahove r esult s . 
may- not "be valid for. sect ions with very different charac- 
t.er i's.t ics . This sejsms to justify- the assumption that large 
ailerons are a good means for increasing the ■ rolling moiiient 
an.dr. th\is effect iv.ely oppbs ing aut orotat ion. 

.This solution has '6n4 drawbacks The aileron being 
largev 'small motions imparted by the .pilot - to- tlie - contrql 
stick -eause large' lateral oscillations in rapid flight. 
This statement has already been made regarding the eleva- 
tor control. The remedy then • sugges t.^d may be applied in 
the present case. The ailerons should be controlled by a 
system with variable sensitivity, as/iiescr ibed in connec- 
tion with the elevator control. This: would render it pos- 
sible to maneuver the airplane at low speed,, despite the 
large size of the ailerons.- 

As already mentioned, .variable sensitivity may .also be 
achieved by an elastic system of the type " described above... 
The requisite condition .is:thus fulfilled and elasticity., 
acquired as .wellu Such a syste'm'ds - shown in- Figure. 1.5. It 
is based on the use of. an elastic post &' which contracts 
as the speed increases. One important consequence, of aile- 
ron deflection is the creation of a yawing mom'eht due to 
the difference in the drag of ' the two wings . Banking. is 
f acilitated by this • yawing moment ,' since the drag of the 
falling wing is stronger . than that ^of the rising wing.. 

For a given incidence,, the drag of conventional wings 
provided with standard ailerons is greater at pos it ive -(a il e- 
ron depressed) than at negat ive angi es . In this case the 
yawing moment is detrimental. Figure 16 shows .the variation 
in Cy for each wing (Cv >C«, ) . • Two remedies are avail- 
able. . . "^B;.- 

1. The use of "Frieize"-- type '.ailerons , the leading edge 
(a) of T/hich (fig. 17) disturbs the air flow. and. increases- . 
the drag at negative angle:s. ' ' " ' . ...... ' " ' 

2. Inequality of the deflect ions " of the two ailerons,. 

the rising one being deileci^ed t?arough a larger angle than 

the falling one. ^ of one wing then cor??.espQnds to * 

-p'^, of tha other wing Cp '3^>p^ )' ,* shown in .Figure 16. 

Hence, banking . is improved. by the 'yawing moment, except for 

small deflections (C^. < ^' 

A 0 
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Cone 1 us. ion . - Airplane flying characteristics, sta- 
hility and maneuverahility , are improved Dy special con- 
trol systems. Safety and ease of piloting may "be further 
increased, and researches of this order are desirable in 
each. particular case. 



Translation by W. L. Koperinde' 
National Advisory Committee 
for Aeronautics. 
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Figs. 1,2, 5, 4, 5 
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Fig. 3 



C9- 



B 



S B' 
Fis.''- 



J 


1 'il' 


< a 

— 


f-^f — 

— >1<-^ 
-d 5^ 



Fig. 5 
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Fig. 9 




Fig. 10 
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